INTRODUCTION
Information systems are expensive. The decision to install an information system necessitates a choice of mechanisms to determine whether an information system is needed, and once implemented, whether it is functioning properly. User information satisfaction (UIS) is one such evaluation mechanism. UIS is defined as the extent to which users believe the information system available to them meets their information requirements. UIS provides a meaningful "surrogate" for the critical but unmeasurable result of an information system, namely, changes in organizational effectiveness. In this paper past attempts to develop and validate a measure of UIS are reviewed. Instruments that measure UIS or components of UIS are compared, and one instrument with a strong empirical foundation [22] is subjected to additional psychometric examination. The results of a replication and extension of previous work with this instrument, based on a two-phase survey of production managers, are presented.
THE USER INFORMATION SATISFACTION CONSTRUCT
The concept of UIS can be traced to the work of Cyert and March [6, p. 126] , who suggest that an information system which meets the needs of its user will reinforce satisfaction with that system. If the system does not provide the needed information, the user will become dissatisfied and look elsewhere. Although ideally one would like to evaluate the effectiveness of an information system based on its degree of use in decision making and the resultant productivity benefits, this "decision analysis" approach is generally not feasible [19] . Satisfaction of users with their information systems is a potentially measurable, and generally acceptable, surrogate for utility in decision making.
UIS is a perceptual or subjective measure of system success; it serves as a substitute for objective determinants of information system effectiveness which are frequently not available. Theoretically, the determination of information system value is a matter of economics: the costs of system operations and development are subtracted from the actual benefits (in improved organizational effectiveness) to obtain the net value of the system to the organization. In practice, however, this may not be a simple determination because (1) intangible costs and especially benefits of information systems are difficult to recognize andto convert to their monetary equivalent; (2) 10 Communications of the ACM decision support systems (e.g., a database supported by a user query facility) are used for disparate, relatively unstructured, ad hoc decisions; objectively assessing the benefits of such systems may be nearly impossible; (3) data on system success may be determinable but not recorded by the organization and, therefore, unavailable for research purposes [7] . System usage can be a surrogate indicator of system success under certain conditions. If users consider the system to be unreliable or its data inaccurate, their usage will reflect those doubts. If usage is voluntary, the system will be avoided. Since there are motivations for using the system other than its objective utility in decision making (e.g., mandate from management, political motivation, self-protection for justifying "poor" decisions), either or both objective and perceptual measures may be appropriate depending on the situation. Also, UIS can be more than a substitute for an objective measure of system success. UIS measures how users view their information system rather than the technical quality of the system. A "good" information system perceived by its users as a "poor" system is a poor system.
User information satisfaction has been used in a number of research efforts as a surrogate measure of system effectiveness [2, 4, 8, 16, 17, 22, 24] . Each investigation is based on a measure which is unique to that particular study. In some studies, other terms have been used to refer to essentially the same concept: "felt need" [9] , "system acceptance" [11] , "perceived usefulness" [15] , "feelings about the information system" [18] , and "MIS appreciation" [23] are a few examples.
User involvement in information system development has frequently been hypothesized to be related to UIS although the results to date have been mixed (see [12] for a review of this research). UIS has also been analyzed in relation to system usage [2, 16, 18, 23] and estimates of system value [8, 16] .
MEASURING USER INFORMATION SATISFACTION
The construct of UIS has been operationalized in many different ways. Several studies employed single-item rating scales [2, 17] ; such scales have been criticized as unreliable [15, 20] . Single-item scales also provide little information as to what the user finds dissatisfying (or satisfying) and are thus of limited utility outside a research setting. Multiple-item UIS measures have become increasingly common. Generally, they are of two types. The first focuses on the information system product. With such diverse names as "system acceptance" [11] , "output quality" [16] , and "MIS appreciation" [23] , these scales focus on the content of the information system (e.g., accuracy, relevance) and the manner in which the information is presented (e.g., format, mode). The second type of multiple-item scale includes the organizational support for developing and maintaining the system as well as the system product itself. This type of instrument contains items concerned with training, documentation, development procedures, systems maintenance, etc., as well as items related to system content. Thus it provides an indicator of the overall quality of information services provided by an information service function.
Generally, UIS measures have not been carefully validated [15] . Recently, however, several rigorous attempts have been made to develop valid and reliable UIS measures. These efforts are discussed below.
Gallagher
Gallagher's [8] questionnaire focused on user perceptions of the information value of reports provided by an information system. The questionnaire had two types of questions: requests for managers to estimate the dollar value of a report, and semantic differential adjectives on which the managers rated the reports.
The questionnaire results were based on responses from 75 managers utilizing the same information system in a single company. Gallagher concluded from his results that both the estimated dollar value and the semantic differential measures had potential for analyzing information value. However, the correlation between the two measures was too low to conclude that they were measuring the same phenomenon.
Several other problems exist with Gallagher's measures. Both measures focus only on the product (in this case, a report) and not on the quality of service provided by the information services function. Moreover, the scales could not be easily generalized to other information system products. The dollar estimates have no anchor point and there was no attempt to validate the relationships between the estimated and real dollar value of a report. Although Gallagher interviewed respondents to verify their beliefs in their estimates, the standard deviation was extremely high and the distribution quite skewed. Moreover, 30 percent of the respondents did not respond to the dollar value question, citing lack of familiarity with information system costs as the reason. Finally, no validation of the semantic differential scales was reported.
Jenkins and Ricketts
Jenkins and Ricketts developed a 20-item measure of "user satisfaction" on the basis of"a survey of existing literature and structured interviews with leading researchers in the field" [13, p. 2] . Eighteen of the 20 items were chosen as representative of each of 5 factors defined a priori as constituting user satisfaction (i.e., input procedures, systems processing, report content, report form, report value). The other two items were overall measures of UIS. Each item consisted of a 7-point, semantic differential scale anchored at each end by bipolar adjectives (for example, 1 (very untimely), 2, 3, 4, 5, 6, 7 (very timely)).
The instrument was psychometrically tested in five laboratory experiments involving 197 participants. Analysis showed each item to be normally distributed and demonstrated an acceptable overall interitem reliability (i.e., coefficient alpha) of 0.85. The scores from 5 factors derived by factor analysis were used in a regression equation with one of the two global satisfaction measures serving as a criterion variable. These factors significantly accounted for approximately 30 percent of the variance in global satisfaction scores. The factor analysis, however, failed to substantiate the factor structure originally proposed.
The work of Jenkins and Ricketts has several limitations. The procedure used to generate the original items is not rigorously described. The instrument was designed to focus on the information system product; like Gallagher's scale, it does not cover information systems service. The factor structure originally proposed did not hold up in factor analysis. Finally, the two global measures of information satisfaction were included in the same instrument with the items to be validated against them, suggesting possible method variance [3] .
Jenkins and Ricketts have extensively redesigned their questionnaire based on subsequent investigations. No data has yet been reported on this new instrument.
Larcker and Lessig Larcker and Lessig [15] developed two 3-item scales that together constitute "perceived usefulness." The first scale measures "perceived importance," an indicator of "whether the information is relevant, informative, meaningful, important, helpful, or significant" [15, p. 123] . The "perceived usableness" scale indicates "whether the information format is unambiguous, clear, or readable" [15, p. 123] , Items were initially derived by faculty and students who proposed characteristics of information associated with "importance" and "usableness"; these dimensions had been se: lected as "two aspects that seem to be common to prior measurement instruments" [15, p. 123] . The list of suggested characteristics was reduced to six items by another panel of faculty and graduate students. The items were experimentally tested in a study of decision making involving 29 faculty and graduate students. Factor analysis of the six items verified the independence of the two scales.
Larcker and Lessig analyzed the convergent (between measures) and discriminant (across settings) validity of the two dimensions using the multitrait-multimethod procedure of Campbell and Fisk [3] . They found acceptable interitem correlations within each evaluation setting and acceptable differences between correlations across settings and concluded that convergent and discriminant validity were established. The reported reliabilities (Cronbach's alpha) for the two dimensions ranged between 0.64 and 0.77.
Larcker and Lessig's measures have several critical weaknesses. The original two dimensions, importance and usableness, are not empirically derived and, as the authors note, "may be "ignoring additional dimensions of perceived usefulness, such as information accuracy or timeliness" [15, footnote, p. 123]. Like the other two measures, the instrument relates specifically to the information system product and not to factors related to the quality of service.
The reliabilities reported for the two scales are relatively low for applied research [20, p. 226] , although Larcker and Lessig point out that they are acceptable for exploratory work. The instrument was developed and the study conducted in an artificial setting involving faculty and graduate students using a capital-budgeting decision. The validity of generalizing the measures to more realistic settings and other problem types is unproven. Finally, their application of the multitraitmultimethod procedure to establish validity may be questioned; the authors interpret different measures of the same construct to be different measurement methods. They also interpret the different evaluation settings (variations on the capital-budgeting decision) to represent traits.
Pearson
Pearson [1, 22] developed a list of "factors" that contribute to information satisfaction. A list was derived from the existing research on computer-user interactions and was then reviewed for completeness and accuracy by three data processing professionals. Next it was compared to an analysis of critical incidents collected in interviews with 32 user managers. As a result, 39 distinct factors were identified, which were the basis for an instrument which utilized the semantic differential technique. Four adjective pairs were provided for each factor, plus a "satisfied-dissatisfied" pair and an impor- tance rating. The resulting instrument was completed by the same managers who had previously been interviewed.
Pearson originally proposed a scoring method which used the "importance" rating as a weighting factor when calculating the overall satisfaction score; a description of this scoring method is found in [1] . In Pearson's sample, the weighted and unweighted scores were highly correlated, making the additional information provided by the importance rating unnecessary. A sample factor, "reliability of output information," and its associated items are shown in Table I .
Reliability, calculated for each factor based on the variance in responses between the four adjective pairs, was found to be at an acceptable level. Content validity was claimed based on the method used to develop the instrument. Predictive validity was established by comparing the total score on the instrument with an overall satisfaction rating which had been collected during the interview: the correlation was 0.79. The scores on each factor were also compared with the "satisfieddissatisfied" adjective pair; although the independence of these measures was subject to question, the correlations were all very high. Finally, construct validity was established by examining the responses for each factor on the importance scale and comparing them with the rankings of importance obtained earlier, and by correlating the individual factors against the total score; the correlations (Spearman) were at acceptable levels.
There are several problems with Pearson's procedures. The sample on which the instrument was tested was relatively small (29 user managers) and may have been biased by their prior participation in the development of the instrument. As Pearson noted, the construction of the instrument did not assure independence of responses. This may have unduly affected the reliability scores and overemphasized the claims for construct validity. Table I ] contains a summary of the four measures reviewed on the following criteria: derivation (empirical or otherwise), amount of empirical support, level of coverage (product, system services), and number of indicators in the measure. In order to choose the most appropriate measure for further study, it was assumed that an empirically derived measure, with adequate empirical support, which covers both the information system product and general system services and provides multiple indicators, would be favored. On this basis, Pearson's measure was chosen for further investigation as to its potential to become a standard measure of UIS.
Comparison of Measures
A STUDY TO ASSESS A UIS MEASURE Although Pearson's study represents an important first step toward the development of a valid UIS measure, further investigation is required to assess the validity and reliability of Pearson's measure a~nd to refine it for use in research and practice. The authors chose to undertake such an investigation and the results are reported here. The explicit goals of this investigation were to (1) replicate Pearson's findings concerning the validity of the instrument; (2) reinforce the validity of the instrument through further tests; (3) reduce the length of the overall measure while maintaining reasonable levels of reliability and the existing structure of scales; (4) develop a standard "short-form" of the instrument for research requiring only a global indicator of user information satisfaction.
The measure was administered as part of a survey of 800 production managers in U.S. manufacturing organizations. The participants were selected from a commercially obtained mailing list of production managers; their participation was solicited by mail without their prior knowledge of the study or its purpose.
Two separate mailings were made over a 2-month period. In one mailing the managers received a copy of Pearson's UIS measure. The second mailing included a separate 4-item measure of information satisfaction (UIS4), which is discussed in [21] and reproduced in the appendix. Other questionnaires measuring constructs hypothesized to relate to UIS were also included in each mailing. The ordering of the two mailings was reversed for one-half of the sample.
A total of 280 managers completed the UIS measure, a response rate of 35 percent. The number completing both sets of questionnaires was 200 (25 percent). Although the response rates are somewhat low, this was expected for the following reasons:
(1) The mailing list was about a year old, so that a number of managers on the list had changed jobs or companies.
(2) The survey was mailed, unsolicited, without prior knowledge on the part of the participants.
(3) Managers were requested to complete several relatively lengthy forms on two separate occasions.
RESULTS
In the following discussion, each of the variables related to UIS will be referred to as sca/es rather than factors (the term used in Pearson's work). The 39 scales are listed in the appendix. The four semantic differential measures which make up each scale are referred to as items.
Reliability
The reliability of a measure refers to its stability over a variety of conditions [20, p. 191] . Generally, reliability is of two types: test-retest, and amount of error in the measurement. Neither Pearson nor the current study attempted to assess the test-retest reliability of the instrument. The amount of error in a measure is determined by Cronbach's alpha test applied to interitem scores and to the overall measure. This study's interitem reliability scores for the individual scales ranged between 0.82 and 0.97 with 30 being greater than 0.90. An overall measure of UIS (the sum of the 39 scales composed of 156 items) results in an overall questionnaire reliability of 0.97. Pearson did not provide an overall measure of reliability but reported individual scale reliabilities of between 0.75 and 0.98 with 32 having reliabilities greater than 0.90. They are shown in column 2 of Table IV. The reliability scores are acceptable at the 0.80 level required for basic research. However, the four items composing each scale were located together on the instrument and were scored in the same direction (i.e., positive on the right, negative on the left); a tendency for respondents to simply mark straight down a column for the four items composing a particular scale may have artificially inflated the reliability data.
Content Validity
The content validity of a questionnaire refers to the "representativeness" or sampling adequacy of the content. In general, it is the manner by which the questionnaire and its items are built that ensures the reasonableness of the claims of content validity [16, 20] . The careful and systematic way that Pearson generated his scales lends credence to his claims of content validity.
Two types of circumstantial evidence for content validity can be generated statistically: internal consistency and the correlation of scales with other measures of the construct. In his research Pearson found all the interitem correlations to be positive and all but one significant at the 0.05 level; this is indicative of internal consistency. In this study all the interitem correlations were found to be positive and significant at the 0.001 level.
As already noted, the authors obtained an independent measure of user information satisfaction at a different time from Pearson's measure. To further test content validity, each of the 39 scales was correlated against this measure for the 200 subjects who responded on both measures. The correlations ranged from 0.22 to 0.54 with 21 scales correlating at levels above 0.40. All correlations were significant at the 0.001 level. They are shown in column 3 (UIS4) of Table W. The correlations, though significant, indicate only limited evidence for content validity by themselves. However, when the measures of internal consistency and the carefulness with which the questionnaire was constructed are considered, strong supportive evidence for content validity exists.
Predictive Validity Predictive validity is demonstrated by correlating a measure against other measures of the same construct. Pearson correlated his overall satisfaction score with a self-report satisfaction measure provided by the user during an interview. The correlation between these two measures was 0.79, significant at the 0.001 level. In this study the overall score from the separate 4-item measure (UIS4, shown in the appendix) was used to analyze predictive validity by correlating it with the overall score obtained from the Pearson questionnaire. A correlation of 0.55 was obtained (significant at the 0.001 level). The results obtained by Pearson and this study are consistent and thus indicate predictive validity for the questionnaire.
Construct Validity
The construct validity of a measure is demonstrated by validating the theory behind the instrument [14] . A final claim of construct validity cannot be made until the questionnaire and [14] are examination of the correlations between total scores and item scores and factor analysis. The first approach assumes the total score to be valid; thus the extent to which the item correlates with the total score is indicative of construct validity for the item. In this study each scale score was subtracted from the total score in order to avoid a spurious part-whole correlation [5] ; the result is a "new total score" (UIS38) which was then correlated with the scale score. The correlations between the "new total score" and the scales ranged from 0.42 to 0.83 with 34 scales correlating with the new total score at levels above 0.60. All 39 correlations are significant at the 0.001 level. They are shown in column 4 (UIS38) of Table IV . If it can be assumed that the total score does measure user satisfaction, these results support construct validity.
The second method of construct validation, factor analysis, is considered one of the most powerful methods of construct validation as it allows the examination of the underlying structure of the overall measure [14] . Pearson performed a factor analysis and discovered 8 dimensions, but his sample size to item ratio was so small as to be generally unacceptable for statistical use. In this study a factor analysis was also conducted. While the ratio of sample size to number of scales in the study (7 : 1) must also be regarded with some caution, it is substantially better than Pearson's I : 1 ratio. Employing a cutoff level of 0.50, a 5-factor structure resulted with 22 scales loading at that level.
Those scales loading at the 0.50 level in the ihctor analysis are shown in Table IlL The first factor carries with it scales related to the information services function. The second factor draws from scales related to the information system product. The third factor includes only one scale, vendor support. Vendor support was judged to be one of the least important scales by Pearson's subjects; the authors also questioned the inclusion of this scale in the questionnaire as not all facilities have information products which require vendor support (or support which is visible to the user). This scale was considered for elimination, as discussed in the next section. The fourth factor contained two scales related to the information system product. Close examination showed these two scales both loaded heavily with factor two, suggesting they are part of that structure rather than a separate dimension. The fifth factor contained those scales related to knowledge or involvement in the design of the information system. While no a priori loadings were hypothesized, the factor analysis indicates that a logical structure of scales does exist.
IMPROVING INSTRUMENT QUALITY Two approaches were taken to improve the quality of the original Pearson measure and, as a side benefit, to reduce its length. The first approach involved permanently eliminating scales which showed undesirable psychometric qualities. Resuits reported on the basis of such scales can be spurious. The second approach was to eliminate items within scales in order to reduce the time to complete the instrument without losing any of its positive psychometric qualities. If time is a major consideration, a "short-form" of the instrument, which provides only an overall measure of the construct, may be desirable. In the next section the development of a short form of this UIS measure is discussed.
Elimination of Scales
As no well-established millimum value exists for validity correlations and since all reliabilities were at least at the 0.80 level, considered acceptable for research purposes [20] , scales could not be eliminated based on any one criterion. Therefore the elimination of scales was based on careful empirical analysis and judgment. Each scale was ranked on the following criteria:
(1) reliability (column 2 in Table IV) ; (2) content validity, i.e., correlation with independent UIS measure (UIS4, column 3 in Table IV); iiiiiiiiii::i (3) construct validity, i.e., correlation with overall measure minus the score for that scale (UIS38, column 4 in Table   rv3 .
RESF.ARCH CONTRIBUTIONS
Next, the lowest ten values in each category were examined under the assumption that a low ranking in a category indicated only weak si~_s of the desired property. In the case of construct validity the scale had to possess both poor ranking and either not load or load separately in the factor analysis. These rankings were then compared and any scale which was found to be low in two of the three desired properties was eliminated. Table IV shows the results for each of the scales on the three criteria.
In the table, scales marked with a triple asterisk were selected for elimination. The rationale for eliminating scales 4, 7, 9, and 10 is further supported by the responses Pearson received as to the importance of each scale. His subjects ranked scales 4, 7, and 10 as being the least important items for user information satisfaction, while item 9 was ranked twenty-seventh in importance. Scale 13 (security) was ranked by Pearson's subjects as moderately important but ranked so low on the other criteria that its elimination was easily justified. None of the items recommended for elimination were ranked by Pearson's subjects as being extremely important.
Reducing the Number of Items per Scale Presently the instrument requires 20 to 30 minutes for a respondent to complete, with four items for each scale. It was felt that it would be advantageous to reduce the number of items per scale if reliability were not affected. To identify candidate items for elimination without biasing evidence of reliability for the new measure, a 100-person "holdback" sample was removed from the original group of respondents. The remainder of the sample (n = 100) were used to determine which items could be safely dropped. Finally, the holdback sample data was tested to determine both the reliability and validity of the new measure.
It was recognized that it would be possible to improve internal consistency and reliability, or at least to minimize the effects of reducing the length of the instrument, by removing "n = 100.
those items within a scale that had the lowest correlations with the other items. Interitem correlations for each scale of the nonholdback sample were examined to determine which items were candidates for elimination. Items were eliminated from the scale on the basis of their low correlations with the two items which remained. A version of the questionnaire containing two items per scale was then tested on the holdback sample. Table V displays reliability data for the proposed measure; Table VI contains validity data. For every scale, the reliability and validity data for the two-item measures were considered adequate. On the basis of interitem correlations, two items were then eliminated from each scale.
PRODUCING A SHORT FORM
Although the improvements discussed above reduced the length of the instrument, it is still rather long. It was felt that it would be worthwhile to develop a "short form" of the instrument for use when time is limited and/or only an overall assessment of UIS (rather than analysis of particular symptoms of a problem) is adequate. Development of such a form entails selecting representative scales such that the overall score on the short form has an acceptably high correlation with the full instrument.
RESEARCH CONTNBUllON$
The procedure employed to develop the short form was as follows. First, the scales that had demonstrated undesirable psychometric characteristics [5, 8, 10, 11, 14, 22] were not considered. Second, only those scales with factor loadings of 0.50 or better, as shown in Table Ill , were included. Third, each remaining scale utilized only the two items derived from the analysis shown in Table VI . The scales retained for the short form are indicated in the appendix.
To determine whether the resulting short form adequately measured Pearson's original concept of UIS, the scales on the short form were removed from the original Pearson measure and the short form total correlated with the remainin~ scales. The correlation was 0.90 (significant at p = 0.001). The short form total was also correlated with the independent four-item measure of UIS (UIS4); a correlation of 0.54 (significant at p = 0.001) was found. These correlations provide substantial evidence that the short form questionnaire is a sound general measure of Pearson's original UIS concept. A copy of the short form questionnaire is available from the authors.
DISCUSSION
The authors feel that the instrument developed by Pearson, with the extensions and improvements presented here, represent substantial progress toward establishment of a standard measurement technique for UIS. However, continuing efforts should be made to validate, extend, and disseminate the instrument. In this section some suggestions are made for application and improvement of the instrument in practice and in further research.
Application in Practice
The improved long form may be utilized to evaluate an information system or general systems development effort in an organization. It provides not only an overall assessment but also the capability to analyze (based on individual scales) what aspects of the systems effort are most problematical. The general form has the advantage that results can be compared across systems or even across organizations. On the other hand, it may be more advantageous in certain situations to customize the instrument to a certain system and/or systems function. Although the ability to generalize is lessened, customization has the advantage of clarity to the users. Another possible approach is to utilize the short form for an overall measure augmented by items of particular interest from the original and/or specific items tailored to the situation by the instrument user.
Application to Research
The primary significance of this work to the research community is the establishment of a generalized, standardized instrument for use across studies. However, the instrument could be significantly improved by further testing. The following are suggested:
(1) Establish test-retest reliability. (2) Change the instrument format to eliminate biased responses and retest the interitem reliability. In its present form, the adjective pairs for each scale are grouped together immediately following the scale description; also all items are scaled in the same direction from positive to negative. It would appear that mixing up the scale responses and changing the direction of some of the adjective pairs would eliminate bias and lessen the potential for interitem reliability scores to be artificially inflated. The cost is that for each item the scale description would have to be repeated, thus increasing significantly the overall length of the instrument. Note: All other correlations significant at p = 0.001.
RESEARCH CONTRIBUTIONS
(3) Test the instrument in other samples besides production managers, representing different organizational functions and different management levels.
(4) Test the validity of the short form. The short form presented here is based on the data from the original sample. Although its correlation with the remaining items (long form minus short form items) is encouraging, further validation tests in other settings are required.
(5) Perform further construct validation. Testing the instrument against objective measures of system success, where possible, will greatly contribute to claims for its construct validity. Further understanding can be gained by comparing the results with objective measures of system usage in cases where usage is voluntary.
Development of a Central Data Bank
The real value of establishing a generalized instrument for UIS cannot be realized unless a mechanism is established for provision of a centralized data bank of results. Such a data bank would permit comparison of results across organizations and across other variables of interest. Given a larger sample, further analysis could be performed, for instance, by functional area or by management level. The authors call on fellow researchers in information systems to encourage the development of such a data bank.
CONCLUSION
This article presents significant progress toward development of a standard measure of user information satisfaction. Whether or not this instrument is chosen, the authors encourage the MIS research community to choose a standard instrument for measuring UIS.
The authors also encourage efforts to disseminate an instrument for evaluating UIS to the practicing information systems community and to encourage its use. The lack of adequate mechanisms to evaluate information systems effectiveness has long been apparent; any further efforts to develop or validate a UIS instrument should be oriented to the goal of aiding the practitioner. The instrument presented here is a potential candidate for adoption by both researchers and practitioners in information systems. 
